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Data structure for information systems 

The invention relates to a data structure for informa- 
tion storage systems, such as database systems. In com- 
5 puter based data storage systems, data is stored in and 
retrieved from some medium, such as a memory and a hard 
disk drive. In known systems, the data is stored in a 
data structure such as for example a structure based on 
the relational model. Although data stored using the 

10 known data storage systems can be stored, searched and 
retrieved, the time required for the retrieval can be 
considerable, especially in case of complex queries. 
Furthermore, constructing an efficient data model is 
complicated and therefore costly. Once a database lay- 

15 out or data model is defined, later alterations are 
difficult to implement, and almost always lead to loss 
of performance. 

To speed up response time for queries into the data- 
20 base, often a query optimiser is used, for example a 
rule based optimiser or a cost based optimiser. The 
rule based optimiser uses a set of predefined rules. 
The cost based optimiser uses statistical information 
about the data to structure queries, by estimating the 
25 selectivity of each query component and leading the 
search path along the most selective components first. 
Even though using the known optimisers can shorten the 
average response time, the need exists for optimisers 
that optimise each specific query. 

30 

A goal of the invention is to provide a data storage 
system that is easy to set up and maintain. Another 
goal is to provide a data storage system that allows 
fast retrieval of data. Another goal of the invention 
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is to provide a data storage system in which a query- 
can be deterministically optimised. 

These goals are met by providing a database system ac- 
5 cording to claim 1. 

By using the structure as claimed, a database can be 
build easily, while alterations are easily performed. 

10 Furthermore, the invention provides for a query opti- 
miser according to claim 6. By determination of actual 
data elements that are found within a query section, a 
deterministic analysis of the actual query path for the 
specific query can be made. Therefore the best path for 

15 each query can be determined, leading to optimum query 
times for each query. 

Additional features and advantages will become ap- 
pearant in the following description of an embodiment 
2 0 of the invention. Advantageous variants are subject of 
the dependent claims. 

Brief Description of the Drawings 

2 5 Figure 1 shows schematically the hierarchical struc- 

ture of the system according to the 
invention, 

Figure 2 shows a data type according to the invention, 
Figure 3 shows an InfoType structure with an anchor 

3 0 and an InfoCell, 

Figure 4 shows two InfoCells according to the inven- 
tion, 

Figure 5 shows an InfoCluster with three InfoTypes in 
a binary tree configuration, 
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Figure 6 shows an InfoCourse as a binary tree, sorted 
by the InfoType - Identification number, 

Figure 7 shows a sub structure of 4- dimensional ly 

linked InfoCell elements with a table of 



Figure 9 shows a number for the element counter of a 



10 


Figure 


10 


shows 


a table as a 6 dimensional structure, 




Figure 


11 


shows 


cascading InfoBridges 






Figure 


12 


shows 


an InfoBridge with eight flags, 




Figure 


13 


shows 


an example of a tree 


structure, 




Figure 


14 


shows 


a simplification of Fig. 13, 


15 


Figure 


15 


shows 


a first example, 






Figure 


16 


shows 


a second example, 






Figure 


17 


shows 


a third example, 






Figure 


18 


shows 


the example from Fig. 


17, 




Figure 


19 


shows 


the example from Fig. 


17, 


20 


Figure 


20 


shows 


the example from Fig. 


17, 




Figure 


21 


shows 


a fourth example, 






Figure 


22 


shows 


a fifth example, and 






Figure 


23 


shows 


a sixth example. 





25 Detailed Description 

In the following an example of an embodiment of a data 
storage system according to the invention is described. 
The following examples of embodiments of the invention, 
are implemented according to a relational database 
30 model. The system according to the invention is not 

limited to use within the constraints of a known rela- 
tional database architecture. It is however possible to 
implement the invention mainly according to the rules 
of a relational database. The elements of the invention 



5 



Figure 



the represented content, 
shows a double link Self Ring with numbers 
the element counter of the ring, 



multi dimensional structure, 
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roughly translate to the known nomenclature of the re- 
lational database theory as follows (with the defini- 
tions according to the invention on the left) : 



InfoSystem 


<- 


Management System 


InfoArea 


<- 


Database 


InfoCluster 




Table 


InfoType 




Attribute 


InfoCourse 


<r 


Data record 


InfoCell 


<r 


Field 


InfoBridge 


<r 


not available 



Note that for the InfoBridge (which will be described 
hereinafter) according to the invention no counterpart 
15 exists within the relational database field. 

In fig. 1 a diagram is shown of the static hierarchy of 
a data system according to the invention. The highest 
level in the data system is the InfoSystem level. Down 

20 from the top level one or more InfoAreas are connected 
to the InfoSystem. The InfoSystem provides the system 
in run time with the algorithms necessary to operate 
the system. The InfoSystem is connected to any number 
of InfoAreas through a linking element, which will be 

25 described hereinafter as an anchor. These InfoAreas can 
for example refer to logical units of the InfoSystem. 

Each InfoArea is connected via a linking element (again 
an anchor as described hereinafter) to an InfoCluster. 

30 In turn, each InfoCluster is connect to at least one 
InfoCourse and at least one InfoType, through respec- 
tive linking elements such as anchors. The InfoType can 
be seen as an attribute of a table; an InfoCourse 
starts always in an InfoCluster. If an InfoCourse stays 

35 within an InfoCluster with its addressed InfoCell ele- 
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merits, that correspond with a field of a table, then it 
is similar to a record of a table. 

Under the InfoCourse and the InfoType the InfoCell is 
5 found; this is the element on the lowest level in the 
hierarchical structure. On the creation of an instance 
of InfoType an anchor is created that is an instance of 
the type InfoCell also. This anchor has the function to 
represent the structure of following InfoCell elements 
10 (see Fig. 2) . The anchor has, just as the InfoCell in- 
formation carrier, seven pointers as will be explained. 

For the implementation of the levels below the In- 
foArea, i.e. the InfoCluster, the InfoCourse, the Info- 

15 Type and the InfoCell use is made of a data element ac- 
cording to the invention as shown in fig. 2. The data 
element is shown schematically as an anchor, and is 
provided with a number of pointers. In this example the 
data element has three pairs and one single pointer. In 

20 the initial state as shown in fig. 2 all pointers point 
to the anchor. This initial states is also the simplest 
of possible ring structures. Every pointer in the 
structure has a valid address, and cases of a non de- 
fined pointer (nil pointer) are avoided. 

25 

The pointers of the first pair are labelled LVR and RVR 
(Left Vertical Ring, respectively Right Vertical Ring) , 
the pointers of the second pair are labelled LHR and 
RHR (Left Horizontal Ring, respectively Right Horizon- 
3 0 tal Ring), the pointers of the third pair are labelled 
LSR and RSR (Left Self Ring, resp. Right Self Ring), 
and the single pointer is labelled IF (InFormation 
bridge) . Note that the pointers LSR, RSR and IF are in 
principle optional. 

35 
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In fig. 7 a table A is shown, containing data regarding 
first names, ages and weights. For this table an Info- 
Cluster is generated. Furthermore, three InfoTypes are 
generated to represent respectively first names, ages, 
5 and weights. 

In Fig. 3 the use of the data element is shown for the 
implementation of the InfoType, In the InfoType seman- 
tic information is comprised such as the data type (in 

10 this example "INTEGER"), indication (in this example 

u age")), etc. The InfoType is an anchor associated with 
the InfoType. The anchor points with its RVR pointer to 
the actual information carrier, that is the InfoCell. 
The InfoCell is as described above the lowest level en- 

15 tity within the data system. The InfoCell holds the in- 
formation, as shown in Fig. 3; in this example "age is 
3 0 in INTEGER" . 

The InfoCell is as described above provided with a 
20 LVR/RVR pointer pair. As shown in Fig. 3, the RVR 

pointer of the InfoCell points towards the anchor, and 
also the LVR pointer points to the anchor. As a result, 
the ring configuration of the anchor is maintained. 

25 In Fig. 4 is shown how a further InfoCell is added to 
the data structure. The InfoCell (with the value "25") 
is inserted in the LVR ring after the first InfoCell. 
The LVR and RVR pointers of the InfoCell point to the 
anchor, as to maintain a closed ring. 

30 

The order in which the InfoCells are organized depends 
on their value. In case of a smaller value, the Info- 
Cell is ordered in on the LVR side, otherwise on the 
RVR side. This practise is well known in the art as bi- 
35 nary tree building. Preferably, the binary trees are 



- 6 - 



WO 02/061612 PCT/EP02/01026 

organized as balanced or AVL trees, methods which are 
well known in the art. These kind of trees minimise the 
number of levels within the tree structure, so'as to 
minimize access time. Preferably, all tree structures 
5 within the data system are dynamically balanced in use, 
so as to guaranty optimum access times. 

In Fig. 5, the structure is shown that is obtained when 
all InfoTypes of the table A are put into the data 

10 structure. In total three InfoTypes are present; age, 
first name and weight. Note that the end pointers of 
each last element in the respective trees are not 
shown. Under each anchor of the InfoType, the InfoCells 
are organised in a binary tree. The InfoCluster points 

15 to an anchor which in turn points to a first InfoType. 
The first InfoType in turn points to the other two In- 
foTypes. Each InfoType points to an anchor. The anchor 
has the additional function of a marker, that can be 
used by an access or query process as a break or return 

20 sign. 

To complete the implementation of the table, the rela- 
tions between the InfoType have to be made. To this end 
an InfoCourse is introduced. In Pig. 6, the InfoCourse 

25 is shown that contains the data for the fourth line of 
the table. Use is made of the LHR and RHR pointers. The 
end pointers again point back to the anchor of the In- 
foCourse to maintain the ring structure. Note that the 
InfoCourse also forms a binary tree, sorted by the ID 

30 numbers of the InfoTypes. Note that the ID numbers of 
the InfoTypes are unique, and that integer values are 
used. 

In Fig. 7 all the InfoCourse paths (for example imple- 
35 mented using pointers) are shown for the table A. Note 
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that all InfoCells have been provided in the top sec- 
tion with their respective InfoType Id number, over 
which the binary tree configuration of the InfOCourse 
via the LHR/RHR pointers is organized. 

5 

When during the building of a tree for an InfoType the 
instance of an InfoCell multiple occurrences has, the 
following mechanism is used to avoid that similar in- 
stances occur more than once in the tree structure. In 

10 Fig. 9 the case is shown that the first name Bob has 

three occurrences and the name Alex two occurrences. By 
means of the LSR/RSR pair of pointers, subsequent mul- 
tiple entries are added in a ring fashion, which is 
called a self ring in this context as the ring stays 

15 within the element level of the data structure. The 

element that was added latest, becomes the master ele- 
ment of the ring; the master element is part of the 
tree structure. As shown in the lower section of each 
element, the actual total number of elements within a 

20 ring is stored in the master element. The other, older 
elements have a historic value (i.e. lower value) as 
these values are not updated during insertion of a new 
element in the ring. This has the practical advantage 
that the number gives an indication whether the element 

2 5 is older or younger within the ring. This is helpful 
when navigating through the ring, especially as in 
practise younger data is accessed more frequently. If 
an element has a ring value of 0 that is an indication 
that no self ring is formed around that element, see 

30 also Fig. 8. This information can be used to accelerate 
search queries . 

An additional feature is further that a element counter 
is attributed to each InfoCell. The element counter is 
35 indicated in Fig. 9 in the box indicated next to the 
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elements. The element counter is defined as the total 
of the number of elements that can be reached over the 
pointers LVR/RVR and LSR/RSR, that is the number of 
elements in the self ring (if any) plus the number of 
5 elements in the tree under the respective element. The 
number of elements in the self ring is already known in 
the master element itself, and the elements down in the 
tree follow simply from the element counter of the ele- 
ments pointed to by the LVR and RVR pointers. In prin- 

10 ciple there is no need to actually go through the tree 
to determine the number of relevant elements. The de- 
termination of the element counter as well as the self 
ring element counter are done initially during the 
mounting of the data structure, and also when elements 

15 are added or deleted. As such the element counter is 
representative for the potential number of elements 
that have to be searched in a potential search over 
this element, or the resources needed for such a 
search. Although it suffices in principle to use only a 

20 single directional pointer self ring, it has additional 
advantages to use a bidirectional pointer ring. 

In Fig. 10 a table B is shown as a 6 -dimensional struc- 
ture. All counters and identification numbers are shown 
25 for each node. Anchor elements and pointers associated 
with the anchors (such as for example the pointers that 
form the closed loop structure) are not shown. 

The structure of the InfoType can have the functional - 
3 0 ity of a previously defined set, so that elements can 
appear in the InfoType tree that are not included in 
any InfoCourse. In case an element in an InfoType tree 
is needed by more than one InfoCourse, it is preferable 
to make additional InfoType structures for each Info- 
35 Course so that the structure stays definite. The 
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pointer IF of the data element according to the inven- 
tion can be used for each instance of any object type. 
The pointer IF can point to any type of instance; the 
type of the instance that it points to can be deter- 
5 mined from the context or an indicator. That can be for 
example a list of flags (shown in Fig. 12) or for exam- 
ple a condition graph (as known from theory) for each 
node. The pointer is more efficient as it does not re- 
quire so many bits, whereas a condition graph has the 
10 advantages that it offers to include semantic informa- 
tion to enhance the data structure. 



Using the IF pointer connections can be established to 
any other instances; this can be done for example over 
15 an InfoBridge. An InfoBridge according to the invention 
is a connection element, looking like an Y adapter, 
that can be cascaded (Fig. 11) . Optionally the Info- 
Bridge can bi-directional, so that any network can be 
represented over the basic structure. 

20 

The Pointer IF has a further use. Operations within a 
data structure change on the whole many data elements 
at the same time. On micro level however, all the 
changes take place sequentially. An operation is car- 

25 ried out for instance with a Commit work or a Rollback 
(these operations are known from the SAP R/3 system) . 
This means that both the original (unchanged) value and 
the target (changed) value have to be kept temporarily 
in the memory until the transaction has been fully com- 

30 pleted. An InfoBridge can be used to connect both val- 
ues together. An example is shown in Fig. 12. The upper 
InfoBridge connects two InfoCells with each other. By 
adding an InfoBridge all functionality is kept, and can 
be augmented by a cascade as is shown by the shaded 

35 InfoBridge in Fig. 12. 
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Although only a connector with an Y configuration is 
shown, other configurations can be used, for example 
with more than three connections. 

5 

Although in the shown examples the InfoCourse relates 
to a data record definition that is expressed in a ta- 
ble, the use of an InfoCourse is not limited to this. 
An InfoCourse can for example extend over unlimited In- 

10 foTypes of various InfoClusters or even InfoAreas. In 
this way it is also possible to ensure referential in- 
tegrity. It is for example not necessary to copy values 
of a test table into the application table (as is usual 
for known databases) . Instead, the respective InfoCell 

15 will be given as value a pointer to the InfoCell of the 
InfoCluster that is used as the test table. 

Query optimisers are used to determine the query route 
that has the shortest estimated runtime. 

20 

The implementation of the system as described above can 
be made using any known and suitable method and pro- 
gramming language. It is helpful if the language of the 
implementation supports pointers. It is also useful if 

25 the programming language is object orientated, but this 
is not essential. For most implementations addition 
control structures would be necessary, comprising tem- 
porary elements. However, such implementation details 
as such are known and are within reach of the person 

30 skilled in the art. An experimental implementation of 
the invention was programmed in C++, which language has 
the additional benefits of availability of pointers, 
objects, and object classes. 
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The invention can be implemented in particularly in a 
random access memory (RAM) , wherein the addresses can 
be randomly accessed. The use of a random access memory 
also has the advantage that changes to the data struc- 
5 ture do not effect efficiency in any way. Although the 
invention is preferably implemented in a random access 
memory, the implementation is not limited to this form, 
and other implementations in memory devices are possi- 
ble. 

10 

Examples 

In the following examples is shown how the access to 
InfoCells take place. For the examples only InfoCells 
15 that belong to one InfoType are used. Such a structure, 
which is a part of a larger data set is shown in Fig. 
13. 



To access a data element in the structure, the ring 
20 pointer structure is used, including the pointers that 
lead back to a ring (LVR/RVR) and self rings. In fig. 
13 the pointers are represented by small anchor sym- 
bols. In Fig. 14 the structure of Fig. 13 is shown, 
with the relations of the binary tree structure, that 
25 underlies the structure of Fig 13, in case that no mul- 
tiple identical elements are assumed. In the following, 
a number of examples of search queries are shown. 

Example 1 : Query ( key = 54 ) 

30 Goal is to find a data element with key 54. The search 
starts at the position 1 (arrow with 1 in fig. 15) , 
which is just after the anchor shown in Fig. 13. After 
that the search is similar to a search in a binary 
tree, and the InfoCells are visited in turn, i.e. the 

35 tree is descended, wherein the consecutive InfoCells 
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are indicated by the arrows 1 to 5. With 5 the respec- 
tive element is found. 

This InfoCell is, as other InfoCells, provided with a 
5 pointer pair LHR and RHR. From the InfoCell neighbour- 
ing semantic information can be acquired of the Info- 
Course. As the InfoCourse pointers also are organised 
as a ring tree, can always the starting anchor of the 
InfoCourse be reached. From this starting anchor every 

10 element in the InfoCourse structure can be reached. To 
further enhance the performance, an additional pointer 
can be added to each InfoCell that points directly to 
this InfoCourse anchor. Using this pointer it is not 
necessary to go fully down through the InfoCourse tree 

15 to reach this anchor. 

To insert a value (for example 53 as shown in the Fig. 
15 at 6) , the same method as described above is used to 
reach point 6 where the new InfoCell is added. After 
20 addition of the InfoCell the binary tree can, if re- 
quired, be resorted to balance it out. Such re-sort 
methods are well known in the art. 

Example 2: Query ( key < 20 ) 

25 

In this example the query is to find the shaded subset 
of the tree (fig. 16), that fulfils the condition key < 
20. Again, the search is started at position 1, and the 
tree is followed down (using known techniques as be- 

30 fore) to end at position 3 . Here it is noted that due 
to the structure of the tree all elements down this end 
of the tree fulfil the condition. The number of element 
in this section of the tree is known (without the need 
to search through the lower section of the tree) , as 

35 the InfoCell 10 is provided with an element counter 
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(XI) indication, that exactly tells how many elements 
follow in this section of the tree. 

5 Example 3: Query ( key < 28 ) 

In this example (Fig. 17) is shown how a number of hits 
can be determined for a search in the database struc- 
ture . 

10 The search in the tree is started with position 1, and 
leads to position 2, where the query criterion is ful- 
filled. The element counter xl can however not be used 
directly, as also cells are included that do not meet 
the criterion (i.e. 30 and 35) . The path is followed 

15 from position 2 to position 3 (Fig. 18), where the ele- 
ment counter yl is found. From this position the path 
leads further to position 4, where the element counter 
x2 is found (Fig. 19) . Now the search is completed, and 
the exact number of hits for the query key (<28) can be 

20 calculated by respective addition and subtraction of 

the found element counters xl, yl, and x2 (Fig. 20) , to 
yield the number of cells within the shaded area that 
represents the target group of cells. Note that with a 
relatively small number of steps one path down in the 

2 5 tree structure, the number of hits the query yields is 
determined deterministically, yielding an exact number 
of cells. 

On basis of the information of the number of hits for a 
30 given query, the search optimiser can make a search 
plan, based on actual facts. 

Example 4; Query ( key > 10 ) 

In Fig. 21 the same logical analysis as was made for 
35 example 3 is shown for a further example, with a query 

c 
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key>10. The search is started with position 1, which 
immediately yields the first results in the form of the 
shaded area. The search goes then to position 2, where 
the second shaded area is determined. The search then 
5 finalises with position 3. All the cells in the right 
path have to be taken into account (except for the cell 
10 in position 3 itself) . If the query key had been >= 
then also this cell had to be taken into account. 

10 The number of hits is calculated in the same way as in 
the previous examples, i.e. by adding and subtracting 
element counters depending on whether they should be 
taken into account or not. 

15 Example 5 ; Query ( key between 24 and 54 ) 

In fig. 22 is a query shown that needs two searches 
trough the tree structure to determine the number of 
hits. The tree is entered at 40, so both left and right 
20 branches have to be searched, more specific, the left 
branch with the lower value of 24 and the right branch 
with the upper value of 54. As a result the circled set 
of cells meeting the criteria of the query are identi- 
fied. 

25 

Alternatively, the query could be split into two ele- 
mentarily queries ( key >= 24 and key <= 54 ) , however, 
the result would be the same. 

30 Example 6 : Optimising the access path 

In this example a more complex search is shown, as well 

as an optimising method that uses the just described 

methods of determining the numbers of hits for a spe- 
35 cific query. 
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The example has the compound query criterion: 
key_l < 28 and key_2 >= value_2 and key_3 < value_3 

5 

To execute such a complex statement, the optimiser ac- 
cording to the invention determines how many hits are 
obtained in each section of the query. Based on the 
number of hits, the optimiser will process query sec- 
10 tions with the lowest number of hits first and those 
with higher numbers of hits later. 

To determine the number of hits for each section of the 
query the tree has to be searched once for each sec- 
15 tion, as shown in the example above. 

As alternative is it possible to store the start ad- 
dresses of nodes in the tree that already have been 
found. Based on the information that these starting ad- 
dresses contain (such as element counter) , parts of the 
tree need not be searched for a sub section of the 
query, as it can be deduced from information already 
stored. 



20 



25 



30 



35 



The first section of the query matches the example 
shown in Fig. 17. When the position 2 is reached in 
that example, a temporary instance of an object of the 
type Guide is made that stores the address of the posi- 
tion 2. Furthermore is an iteration value It made 
(which is similar to Fig. 23), that stores the number 
of actual valid cells in a sub tree. This value It can 
be later used as the end criterion for an algorithm for 
traversing of the sub tree. This saves the comparison 
of the search criterion to the cell values, as the end 
criterion is reached after visiting all the valid cells 



16 - 



WO 02/061612 PCT/EP02/01026 

in the tree section. As it is of the integer type, the 
comparison is faster than comparing the actual value of 
a cell, which cell could be a long character chain. 

From Fig. 19, position 4 (25) is clear, that a further 
sub tree exists that must be traversed, if the crite- 
rion ( key_l < 28 ) is used later by the optimiser as 
the first one. 

To this end a further Guide is introduced that stores 
the start address of the cell 25, and the iteration va- 
lue It, that is similar to x2 in this case. 

With very extensive tree structures several sub trees 
that contain valid hits can be identified during one 
15 traversion. For every top element of such a sub tree a 
Guide is made that contains the start address and the 
It value of the element. All Guides form a linked lin- 
ear list, that is added to the respective criterion. 

After all parts of the AND chain have been searched for 
their number of hits (M) , and the optimiser has chosen 
the part of the selection criterion that has the small- 
est number of hits, the optimiser can use the linear 
list of Guides to access directly the trees with valid 
cells. Note that the linear lists for the other parts 
of the criterion are discarded, but this does not lead 
to increased processing time. 

The optimiser according to the invention determines the 
30 search path based on the exact determination of the 
number of hits that are obtained with the respective 
parts of a search criterion. In this way the determina- 
tion of the search path yields always the most optimal 
choice. 
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Claims 

1. Database structure for storage of data within a com- 
puter system, 

5 with at least one data element of a first type (Info- 
Cluster) associated with: 

- data elements of a second type (InfoTypes) , rep- 
resenting database entries, and 

- data elements of a third type (InfoCourse) , 

10 associated with said data elements of the second type 

(InfoType) , 

wherein the data elements of the second type (Info- 
Type) are arranged in a first tree structure, and 
wherein the data elements of the third type (Info- 
15 Course) are arranged in a second tree structure. 

2. Data structure according to claim 1, wherein end 
sections of the tree structures are connected via lin- 
king elements to a start section of at least the 

20 respctive tree structure. 

3. Data structure according to claim 1 or 2, wherein 
multiple occurrences of similar data elements of the 
second type (InfoType) are arranged in a self-ring 

25 comprising a set of data elements that are mutually 
connected through linking elements, and wherein one da- 
ta element of the set is directly part of the respecti- 
ve tree structure. 

30 4. Data structure according to any of the preceding 
claims, wherein data elements of a tree are provided 
with a number representative of the number of data ele- 
ments arranged in the tree structure under said respec- 
tive data element. 
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5. Data structure according to any of the preceding 
claims, wherein node between the data elements of the 
first and second type are formed by elements of a third 
type (InfoCell) . 

5 

6. Data element for a database structure according to 
any of the preceding claims, comprising 

a first pointer pair (LSR, RSR) , 
a second pointer pair (LHR, RHR) , and 
10 a third pointer pair (LVR, RVR) . 

7. Data element according to claim 4, further compris- 
ing an IF pointer (IF) . 

15 8. Method for optimising a database query, comprising 
the steps of 

decomposing a search criterion in sections, 
determining for each section a number of hits 
on the actual database structure, 
20 selecting a database query path according to 

the determined number of hits for each section. 
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